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1. INTRODUCTION {#osp4414-sec-0005}
===============

Overweight and obesity in childhood are complex conditions with multiple risk factors and sequelae. Body mass index (BMI)‐defined cut‐points are the most commonly reported measure of overweight and obesity; however, BMI alone may not adequately capture the complex nature of obesity as a disease and may not lead to effective interventions for prevention or treatment.[^1^](#osp4414-bib-0001){ref-type="ref"}, [^2^](#osp4414-bib-0002){ref-type="ref"} Clinical staging tools such as the Edmonton Obesity Staging System for paediatrics classify the severity and functional limitations related to obesity according four domains (Metabolic, Mechanical, Mental Health and Social Milieu)[^3^](#osp4414-bib-0003){ref-type="ref"}, [^4^](#osp4414-bib-0004){ref-type="ref"} but are not well suited to large population surveys because many the factors require clinical assessment. Other common classifications of obesity are based on the presence or absence of metabolic risk factors (e.g. metabolically healthy obesity).[^5^](#osp4414-bib-0005){ref-type="ref"} In contrast, there are normal weight children with obesity‐related risk factors and complications in the population who are not considered to be overweight or have obesity based on BMI.[^6^](#osp4414-bib-0006){ref-type="ref"} Understanding the clustering of obesity‐related variables in young children and investigating how such clusters are related to BMI‐defined overweight and obesity may have important implications for improving obesity prevention and management through targeted interventions.

Obesity‐related variables defined broadly to include both risk factors (e.g., poor diet, low physical activity and family history of obesity) and complications or consequences of obesity (e.g., increased cholesterol, blood pressure and behavioural problems), are generally considered in isolation. A 2014 review paper identified 18 studies on the clustering of diet and physical activity in children, and only three studies used latent class analysis (LCA).[^7^](#osp4414-bib-0007){ref-type="ref"} LCA is a data‐driven analytical method that groups heterogeneous populations into homogeneous groups based on categorical indicator variables and has some advantages over other cluster analysis methods.[^8^](#osp4414-bib-0008){ref-type="ref"}, [^9^](#osp4414-bib-0009){ref-type="ref"} In addition to the three studies[^10^](#osp4414-bib-0010){ref-type="ref"}, [^11^](#osp4414-bib-0011){ref-type="ref"}, [^12^](#osp4414-bib-0012){ref-type="ref"} identified in the previous review, three other studies[^13^](#osp4414-bib-0013){ref-type="ref"}, [^14^](#osp4414-bib-0014){ref-type="ref"}, [^15^](#osp4414-bib-0015){ref-type="ref"} that used LCA in children were identified---all of these studies were conducted in children \>9 years of age and focused primarily on diet and physical activity. These six previous LCA studies[^10^](#osp4414-bib-0010){ref-type="ref"}, [^11^](#osp4414-bib-0011){ref-type="ref"}, [^12^](#osp4414-bib-0012){ref-type="ref"}, [^13^](#osp4414-bib-0013){ref-type="ref"}, [^14^](#osp4414-bib-0014){ref-type="ref"}, [^15^](#osp4414-bib-0015){ref-type="ref"} each identified between three to six specific classes (e.g., healthy, sedentary, physically active and health risk behaviour), and each of these classes were differentially associated with overweight and obesity.

Thus, the overall aim of this study was to identify distinct classes of children, as young as 3 years of age, based on a comprehensive range of obesity‐related variables, including family, metabolic, health behaviours and developmental concerns. The primary objective of this study was to identify distinct groups of healthy children 3 to 11 years of age based on obesity‐related variables, overall and stratified by sex. The secondary objective was to evaluate the association between the identified latent classes and BMI categories (normal weight, overweight and obesity).

2. METHODS {#osp4414-sec-0006}
==========

2.1. Study design {#osp4414-sec-0007}
-----------------

A cross‐sectional study was conducted using data from The Applied Research Group for Kids (TARGet Kids). TARGet Kids is a primary care research network in Toronto, Canada. Children \<6 years of age were recruited between 2008 and 2018 during well‐child visits at primary care paediatric and family physician practices in the Greater Toronto Area and are followed annually.[^16^](#osp4414-bib-0016){ref-type="ref"} Exclusion criteria at enrolment were \<32 weeks gestational age, growth‐restricting health conditions such as cystic fibrosis or failure to thrive, severe developmental delay, or other chronic conditions (not including asthma and high functioning autism) and non‐English speaking parents.[^16^](#osp4414-bib-0016){ref-type="ref"} For this cross‐sectional study, children with a visit between 3 to 11 years of age (36 to \<144 months) were included. Children \<3 years of age were excluded because blood pressure was not measured in this age group.[^16^](#osp4414-bib-0016){ref-type="ref"} Children ≥12 years of age were excluded because there were relatively few children of this age in TARGet Kids, and this study was specifically interested in younger children as obesity interventions may be more successful at younger ages.[^17^](#osp4414-bib-0017){ref-type="ref"} For children with multiple visits in the 3‐ to 11‐year age range, the first visit with a blood sample was selected; for children who never provided a blood sample, their first visit with questionnaire data within this age range was used.

Trained research assistants recruited study participants and physical measurements, including anthropometrics and blood pressure, blood samples (nonfasted) and parent‐completed nutrition and health questionnaires were collected at each visit.[^16^](#osp4414-bib-0016){ref-type="ref"} Blood samples were processed by Mount Sinai Services Laboratory at Mount Sinai Hospital, Toronto, Canada, and all data are stored and managed at the Applied Health Research Centre of the Li Ka Shing Knowledge Institute, St. Michael\'s Hospital, Toronto, Ontario. Written consent was obtained from parents, and Research Ethics Board approval was obtained from both The Hospital for Sick Children and St. Michael\'s Hospital, Toronto, Ontario.[^16^](#osp4414-bib-0016){ref-type="ref"} The *TARGet Kids!* cohort study is registered at [www.clinicaltrials.gov](http://www.clinicaltrials.gov) (NCT01869530).

2.2. Measurement of body mass index *z*‐scores {#osp4414-sec-0008}
----------------------------------------------

Height and weight anthropometric data were collected by trained research assistants using a precision digital scale (seca, Germany) for weight and a stadiometer (seca) for measuring standard height. BMI was calculated by dividing weight (in kilogrammes) and height (in metres squared)[^16^](#osp4414-bib-0016){ref-type="ref"} and BMI *z*‐scores (zBMI) were calculated using the World Health Organization (WHO) growth standards for children under five and growth reference for children over five as recommended for the Canadian population.[^18^](#osp4414-bib-0018){ref-type="ref"}, [^19^](#osp4414-bib-0019){ref-type="ref"} For the purpose of this study and to conduct analysis combining all children from 3 to 11 years of age, the labels recommended for children over 5 years of age were consistently applied to all the children in this study: zBMI ≤ 1 was defined as 'normal weight'; 1 \< zBMI ≤ 2 was defined as 'overweight'; zBMI \> 2 was defined as 'obesity'.[^18^](#osp4414-bib-0018){ref-type="ref"}

2.3. Measurement of obesity‐related characteristics {#osp4414-sec-0009}
---------------------------------------------------

Based on previous literature, including the domains identified in the Edmonton Obesity Staging System for Pediatrics,[^3^](#osp4414-bib-0003){ref-type="ref"} and in consideration of available data, 15 unique obesity‐related variables were selected a priori for inclusion as indicator variables in the LCA. It was not possible to directly use all of the same variables from the Edmonton Obesity Staging System because many of the clinical variables were not available in our study. These variables were broadly grouped into four categories for descriptive purposes only, however, these descriptive groupings did not inform the analysis (all variables were treated independently in the LCA). The four categories of variables were: ([1](#osp4414-bib-0001){ref-type="ref"}) Family characteristics (family history of cardiometabolic disorders, parental overweight or obesity and low or mid parental income); ([2](#osp4414-bib-0002){ref-type="ref"}) Cardiometabolic characteristics (low high‐density lipoprotein \[HDL\], high low‐density lipoprotein \[LDL\], high non‐HDL, high triglycerides, high blood pressure); ([3](#osp4414-bib-0003){ref-type="ref"}) Health risk behaviours (low physical activity, high screen time, low time spent sleeping and high intake of sugar sweetened beverages \[SSBs\]); and ([4](#osp4414-bib-0004){ref-type="ref"}) Developmental concerns (developmental or learning issues, requiring extra resources provided by school and concerns expressed by child\'s school). All 15 indicator variables were categorized into binary latent class indicators; coded as '1' if they exhibited the at‐risk characteristic and '0' if not at‐risk.

*Family characteristics* included family history of cardiometabolic disorder defined as 'yes' if a mother, father or siblings reported diagnosis of heart disease, hypertension, high cholesterol or diabetes versus 'no' if none reported. Parental BMI was calculated based on measured height and weight of either the mother or father collected by the research assistant at the child\'s primary care visit.[^16^](#osp4414-bib-0016){ref-type="ref"} For this study, parental BMI was 83% from mothers and 17% from fathers. Parental BMI ≥ 25 was defined as overweight or obesity versus BMI \< 25.[^20^](#osp4414-bib-0020){ref-type="ref"} Low income was categorized as median neighbourhood income \<\$50,000 per year versus ≥\$50,000 per year. Low income was defined as \<\$50,000 based on the low‐income measure threshold for before‐tax income for a family of four in Toronto, which was \$51 031 in 2015.[^21^](#osp4414-bib-0021){ref-type="ref"}

*Cardiometabolic characteristics* for children included high systolic blood pressure (SBP) or diastolic blood pressure (DBP), measured by trained research assistants according to recommendations,[^22^](#osp4414-bib-0022){ref-type="ref"} and dichotomized as high versus low based on the age‐specific guidelines (SBP or DBP ≥ 90th percentile for sex, age and height).[^23^](#osp4414-bib-0023){ref-type="ref"} Abnormal cholesterol was defined from nonfasting blood samples as described previously.[^24^](#osp4414-bib-0024){ref-type="ref"} The following cut‐offs were used to define abnormal lipid levels: HDL ≤ 1.17 mmol/L, LDL ≥ 2.85 mmol/L), non‐HDL ≥ 3.11 mmol/L and triglycerides (0--9 years ≥0.85 mmol/L, TG (10--19 years) ≥ 1.01 mmol/L).[^25^](#osp4414-bib-0025){ref-type="ref"}

*Health risk behaviours* included parent‐reported physical activity, screen time, sleep and sugar‐containing beverages (SCBs). The measurement of each of these variables is described in more detail elsewhere.[^16^](#osp4414-bib-0016){ref-type="ref"} Physical activity was measured as weekday freeplay, and children were classified as not meeting physical activity recommendations if they had less than 180 min/day of unstructured free play (under 5 years), or less than 60 min per day (5 years and over).[^26^](#osp4414-bib-0026){ref-type="ref"}, [^27^](#osp4414-bib-0027){ref-type="ref"} Sedentary behaviour was estimated by screen time in reference to how much time the child spent awake using a TV, DVD, video game or mobile device on a typical weekday. Children under five that reported greater than 60 min per day of screen time, and children 5 years and older that reported greater than 120 min per day were identified as having high screen time.[^27^](#osp4414-bib-0027){ref-type="ref"}, [^28^](#osp4414-bib-0028){ref-type="ref"} Parent‐report of child sleep duration was dichotomized as not meeting recommendations if sleep duration was \<10 h for children 3--5 years or \<9 h for children 6--13 years, versus meeting or exceeding recommendations.[^29^](#osp4414-bib-0029){ref-type="ref"} SCBs were calculated as the number of cups of 100% juice, sweetened drinks and soda or pop the child consumed on a typical day. Based on recommendations outlined by the American Academy of Pediatrics, children were categorized as SCB intake not meeting recommendations if they consumed \>0.5 cup/day for age less than 3, \>0.75 cup/day for age 4--6, and \>1 cup/day for ages greater than 7.[^30^](#osp4414-bib-0030){ref-type="ref"}

*Developmental concerns included* children that were reported to have been diagnosed with attention deficit hyperactivity disorder, autism, learning problem or developmental delay on the Nutrition and Health Questionnaire (NHQ) that were identified as having developmental concern. Children were identified as having school concerns if parents reported that their child\'s school expressed concerns about the child relating to the following: speech and language, learning, attention, behaviour, social relationships, physical coordination, fine motor coordination or self‐help skills and independence. Children were identified as requiring extra resources if parents reported the provision of one or more of the following extra resources from their child\'s school: speech and language therapy, occupational therapy, educational assistance or other extra resources provided at school.

2.4. Statistical analysis {#osp4414-sec-0010}
-------------------------

Descriptive analyses of covariates including sex, age and weight category were examined for participants, as well as the frequency of responses for each of the 15 latent class indicators across all participants in the sample. For the primary objective, LCA was conducted to identify unobserved (latent) classes based on the categorical indicators described.[^31^](#osp4414-bib-0031){ref-type="ref"} LCA assigns each participant a 'best' class assignment based on their probability of belonging to each class. Participants within the same class are considered to be homogeneous based on the indicator variables.[^8^](#osp4414-bib-0008){ref-type="ref"}

Analyses were conducted using the LCA procedure in SAS version 9.4 software.[^9^](#osp4414-bib-0009){ref-type="ref"} Based on previous studies, models with 1--8 classes were tested to select the optimal number of classes. No covariates were included in this procedure. To determine the optimal number of classes, consistent Bayesian information criterion (BIC) and Akaike information criterion (cAIC) values for each model were compared, and the model with the lowest values was the best fit. The distributions of the item response probabilities were evaluated, and the identified classes were named based on which characteristics were more likely to be exhibited by members of the class. Participants were assigned to the class in which they had the highest probability of membership; that is, they exhibited the traits that are representative of that class. The associations between the identified latent classes and zBMI categories were then evaluated using multinomial logistic regression adjusted for child age and sex. Age and sex‐adjusted odds ratios (ORs) and 95% confidence intervals (CIs) were reported. All analyses were conducted overall (among males and females combined) and sex stratified.

Under the assumption that missing data was missing at random (MAR), the model was fit using an Expectation--Maximization (EM) approach, where all available data was used to estimate classes and assign the posterior probabilities of belonging to each class for each individual.[^9^](#osp4414-bib-0009){ref-type="ref"} All individuals were assigned to a class using this approach, and this class was then used in the regression analysis resulting in no missing data for the final regression analysis.

3. RESULTS {#osp4414-sec-0011}
==========

3.1. Participant characteristics {#osp4414-sec-0012}
--------------------------------

A total of 5185 children between 3 and 11 years of age were included in this study; 74% of children were in the 3‐ to \<6‐year age range. As described in Table [1](#osp4414-tbl-0001){ref-type="table"}, 2471 (48%) children were female, and 2714 (52%) were male. The mean age was 61 months (5 years) with a standard deviation of 21.1 months. Based on zBMI, 81% of children were considered 'normal' weight; 14% had overweight, and 5% had obesity; the proportion of children with obesity was slighter higher in males than females. The frequency of all obesity‐related characteristics included as indicators in the LCA are also provided in Table [1](#osp4414-tbl-0001){ref-type="table"}. About half of the children (48%) did not provide a blood sample and thus had no lipid measures.

###### 

Descriptive characteristics and distribution of latent class indicators (*N* = 5185)

  Variables                                             All children (*n* = 5185)   Male (*n* = 2714)   Female (*n* = 2471)
  ----------------------------------------------------- --------------------------- ------------------- ---------------------
  Participant characteristics                                                                           
  Age (years), mean (SD)                                5.0 (1.8)                   5.1 (1.8)           5.0 (1.8)
  3 to \<6 years                                        3810 (74%)                  1991 (74%)          1819 (74%)
  6 to \<9 years                                        1157 (22%)                  598 (22%)           559 (23%)
  9 to \<12 years                                       218 (4%)                    125 (5%)            93 (4%)
  Sex                                                                                                   
  Male                                                  2714 (52%)                  2714 (100%)         
  Female                                                2471 (48%)                                      2471 (100%)
  Maternal ethnicity                                                                                    
  European                                              3238 (67%)                  1695 (68%)          1541 (67%)
  East, South or Southeast Asian                        865 (18%)                   457 (18%)           408 (18%)
  Other                                                 714 (15%)                   354 (14%)           357 (15%)
  Maternal education                                                                                    
  College or university                                 4604 (91%)                  2400 (90%)          2200 (92%)
  High school or less                                   459 (9%)                    253 (10%)           204 (8%)
  BMI *z*‐scores                                                                                        
  zBMI ≤1 (normal weight)                               4122 (81%)                  2119 (79%)          2003 (83%)
  1 \> zBMI≤1 (overweight)                              735 (14%)                   400 (15%)           335 (14%)
  zBMI\>2 (obesity)                                     230 (5%)                    103 (6%)            60 (3%)
  Missing                                               98                          47                  51
  Indicator variables                                   N (%)                       N (%)               N (%)
  Family history of cardiometabolic disorders                                                           
  No                                                    3520 (81%)                  1826 (80%)          1694 (81%)
  Yes                                                   851 (19%)                   445 (20%)           406 (19%)
  Missing                                               814                         443                 371
  Parental BMI[\*](#osp4414-note-0002){ref-type="fn"}                                                   
  Normal (\<25 kg/m^2^)                                 2622 (56%)                  1365 (56%)          1257 (57%)
  Overweight and obese (≥25 kg/m^2^)                    2020 (44%)                  1080 (44%)          940 (43%)
  Missing                                               543                         269                 274
  Neighbourhood household income                                                                        
  ≥\$50,000                                             3092 (64%)                  1606 (64%)          1486 (65%)
  \<\$50 000                                            1715 (36%)                  898 (36%)           817 (35%)
  Missing                                               378                         210                 168
  Blood pressure                                                                                        
  Meeting recommendations                               3291 (78%)                  1732 (78%)          1559 (77%)
  High SBP and/or DBP                                   931 (22%)                   477 (22%)           454 (23%)
  Missing                                               963                         505                 458
  HDL                                                                                                   
  Meeting recommendations                               2117 (78%)                  1148 (79%)          969 (77%)
  \<1.17 mmol/L                                         598 (22%)                   310 (21%)           288 (23%)
  Missing                                               2470                        1256                1214
  LDL                                                                                                   
  Meeting recommendations                               2408 (89%)                  1318 (91%)          1090 (87%)
  \> 2.85 mmol/L                                        299 (11%)                   136 (9%)            163 (13%)
  Missing                                               2478                        1260                1218
  Non‐HDL                                                                                               
  Meeting recommendations                               2129 (78%)                  1176 (81%)          953 (76%)
  \> 3.11 mmol/L                                        584 (22%)                   281 (19%)           303 (24%)
  Missing                                               2472                        1257                1215
  Triglycerides                                                                                         
  Meeting recommendations                               1085 (40%)                  598 (41%)           487 (39%)
  Not meeting recommendations (age‐based)               1632 (60%)                  861 (59%)           771 (61%)
  Missing                                               2468                        1255                1213
  Physical activity                                                                                     
  Meeting recommendations                               894 (19%)                   502 (20%)           392 (17%)
  Not meeting guidelines (age‐based)                    3871 (81%)                  2000 (80%)          1871 (83%)
  Missing                                               420                         212                 208
  Screen time (sedentary)                                                                               
  Meeting recommendations                               2254 (55%)                  1149 (53%)          1105 (57%)
  Not meeting guidelines (age‐based)                    1863 (45%)                  1037 (47%)          826 (43%)
  Missing                                               1068                        528                 540
  Time spent sleeping                                                                                   
  Meeting recommendations                               4068 (88%)                  2156 (89%)          1912 (88%)
  Below recommendations (age‐based)                     532 (12%)                   267 (11%)           265 (12%)
  Missing                                               585                         291                 294
  SSB intake                                                                                            
  Meeting recommendations                               2635 (57%)                  1347 (56%)          1288 (58%)
  Not meeting guidelines (age‐based)                    2014 (43%)                  1076 (44%)          938 (42%)
  Missing                                               536                         291                 245
  Developmental/learning issue reported                                                                 
  None                                                  4420 (95%)                  2250 (93%)          2170 (97%)
  At least one reported                                 236 (5%)                    168 (7%)            68 (3%)
  Missing                                               529                         296                 233
  Extra resource at school                                                                              
  None                                                  2334 (72%)                  1183 (68%)          1151 (76%)
  Requires at least one                                 929 (28%)                   562 (32%)           367 (24%)
  Missing                                               1922                        969                 953
  Concern expressed by school                                                                           
  None reported                                         2029 (62%)                  969 (56%)           1060 (70%)
  At least one concern                                  1234 (38%)                  776 (44%)           458 (30%)
  Missing                                               1922                        969                 953

Abbreviation: BMI, body mass index; DBP, diastolic blood pressure; HDL, high‐density lipoprotein; LDL, low‐density lipoprotein; SBP, systolic blood pressure; SSB, sugar sweetened beverage.

Parent BMI measures were 83% from mothers and 17% from fathers.

3.2. Latent class analysis {#osp4414-sec-0013}
--------------------------

For the primary analysis, a six‐class model was found to be the optimal model as it had lower cAIC and BIC values compared with the other models (Supporting Information Table S1). Response probabilities for each of the 15 indicators by class are presented graphically in Figure [1](#osp4414-fig-0001){ref-type="fig"} (and numerically in Table S2). The 6 identified classes were named by the authors based on the indicators with a high response probability and included the following proportions of children: Class 1: 'Family and health risk behaviours' (20%), Class 2: 'Metabolic risk' (7%), Class 3: 'High risk' (6%), Class 4: 'High triglycerides' (21%), Class 5: 'Health risk behaviours and developmental concern' (22%), and Class 6: 'Healthy' (24%). Low physical activity was highly prevalent across all classes with approximately 80% of children in all classes (including the Healthy class) not meeting physical activity guidelines for their age group and thus is not discussed further as it did not help discriminate classes.

![Graphical display of item response probabilities for each class (see Supporting Information Table S2 for numerical display)](OSP4-6-390-g001){#osp4414-fig-0001}

Class 6 was defined as the Healthy class as it had the lowest probability of almost all risk indicators compared with the other classes. Class 1 was defined as Family and health risk behaviours because children in this class were most likely to have parents with overweight or obesity, low neighbourhood household income, and not meet screen time or sugar beverage guidelines. Class 2‐labelled Metabolic risk was defined by a high probability of both high LDL and non‐HDL, in contrast, Class 4 was defined by high triglycerides only. Class 3 was considered a High risk class with high LDL, non‐HDL, triglycerides, screen time, extra school resources and school concern. In comparison, Class 5 was defined as Health risk behaviours and developmental concern only with high screen time, extra school resources and school concern.

3.3. Association of the latent classes with body mass index *z*‐score categories {#osp4414-sec-0014}
--------------------------------------------------------------------------------

The distribution of zBMI categories across the six identified latent classes is presented in Figure [2](#osp4414-fig-0002){ref-type="fig"}. The proportion of children with overweight and obesity was highest in Class 3 High risk at 19% and 9%, respectively, and was lowest in Class 6 Healthy at 11% and 3%, respectively. Table [2](#osp4414-tbl-0002){ref-type="table"} presents the results of the age and sex‐adjusted multinomial regression analysis for the association between each of the six identified latent classes and zBMI categories overweight and obesity each compared with the normal weight group. All of the classes from 1 to 5 were associated with increased odds of both overweight and obesity, and the ORs were consistently stronger for obesity than for overweight. For example, Class 3 High risk had the highest odds of increased overweight (OR 1.94, 95% CI 1.18, 3.18), obesity (OR 3.33, 95% CI 1.66, 6.68), compared with Class 6 Healthy.

![Distribution of body mass index [*z*]{.ul}‐score (zBMI)‐defined weight categories by latent class](OSP4-6-390-g002){#osp4414-fig-0002}

###### 

Adjusted odds ratio (OR) and 95% confidence intervals (CIs) of having overweight, and obesity by latent class for the total sample

  Class                                                       Overweight   Obesity             
  ----------------------------------------------------------- ------------ ------------ ------ ------------
  Class 1: Family and health risk behaviours                  1.64         1.31--2.04   2.28   1.56--3.31
  Class 2: Metabolic risk                                     1.86         1.27--2.71   2.24   1.16--4.32
  Class 3: High risk                                          1.94         1.18--3.18   3.33   1.66--6.68
  Class 4: High triglycerides                                 1.35         1.06--1.71   1.46   0.94--2.25
  Class 5: Health risk behaviours and developmental concern   1.31         1.03--1.67   1.67   1.10--2.53
  Class 6: Healthy                                            1.0                       1.0    

OR are adjusted for age and sex.

3.4. Sex‐stratified analysis {#osp4414-sec-0015}
----------------------------

Results of the sex‐stratified analyses revealed that a four‐class model fit the data best for the LCA in both males and females separately (model fit indices are provided in Tables S3 and S5). The item response probabilities for each of the 15 indicators by class for males and females are presented graphically in Figure [3](#osp4414-fig-0003){ref-type="fig"} (and numerically in Tables S4 and S6). For both male and female children, the first three identified classes were somewhat similar between both males and females and were similar to the overall analysis with males and females combined; however, there were differences between males and females in the fourth class. Class 1 was defined Metabolic risk due to high LDL, non‐HDL and triglycerides, and included 9% of children among males but 22% of females. Class 2 was defined High risk and in males included 29% of children and was defined based on high triglycerides, screen time, extra school resources and concern at school, whereas in females this class included 22% and was defined as by high parent BMI, low neighbourhood income, high triglycerides, screen time and SSB (not school resources or concern). Class 3 was the Healthy class observed in 39% of males and 35% of females; in males, this class exhibited no high risk characteristics (except low physical activity which was observed in across every class as discussed previously), but in females, this class also had relatively high probability of high triglycerides. Class 4 in males (23%) was defined as High triglycerides only, whereas Class 4 in females (20%) was defined as 'Developmental concern' with a high probability of both extra resources required at school and school concerns.

![Graphical display of item response probabilities for each class for males and females separately (see Supporting Information Tables S4 and S6 for numerical display](OSP4-6-390-g003){#osp4414-fig-0003}

Table [3](#osp4414-tbl-0003){ref-type="table"} presents the results of the multinomial regression analysis for the association between each identified latent class and overweight and obesity stratified by sex. Among males, Classes 1 Metabolic risk and 2 High risk, compared with Class 3 Healthy, were associated with increased odds of overweight and obesity and Class 4 High triglycerides was associated with increased odds of overweight only. Similarly, in females, Classes 1 Metabolic risk and 2 High risk were associated with increased odds of overweight and obesity. Class 4 Developmental concern was not associated with overweight or obesity in females.

###### 

Adjusted odds ratio (OR) and 95% confidence intervals (CIs) of having overweight, and obesity by latent class for males and females separately

  Males                            Overweight   Obesity             
  -------------------------------- ------------ ------------ ------ ------------
  Class 1: Metabolic risk          1.95         1.28--2.98   1.90   1.00--3.62
  Class 2: High risk               1.35         1.04--1.75   1.50   1.01--2.21
  Class 3: Healthy                 1.0                       1.0    
  Class 4: Triglycerides only      1.43         1.04--1.96   1.07   0.62--1.87
  Females                                                           
  Class 1: Metabolic risk          1.47         1.06--2.02   2.21   1.21--4.09
  Class 2: High risk               1.56         1.17--2.07   1.56   1.17--2.07
  Class 3: Healthy                 1.00                      1.00   
  Class 4: Developmental concern   0.89         0.38--1.08   0.89   0.61--1.32

Adjusted for child age.

4. DISCUSSION {#osp4414-sec-0016}
=============

Results of this study suggest that there are distinct classes of young children defined based on presence of obesity‐related risk factors, and several of these classes were differentially associated with odds of overweight and obesity. A total of six classes were identified, and only one class (Class 6 Healthy), which included 24% of children, was defined by the absence of any obesity‐related risk factors (except for low physical activity that was highly prevalent across all classes). The other five latent classes, which included 76% of the children, all exhibited at least two obesity‐related characteristics. Of concern were the 6% of children identified in Class 3 with multiple obesity‐related characteristics, including family, metabolic, health risk behaviours and developmental concerns.

Each of the identified classes, compared with the healthy class as reference, was strongly associated with increased odds of overweight, and obesity in a consistent dose--response manner with much stronger associations for obesity than overweight. However, the magnitude of the strengths of the associations varied by class. Classes 1--3 defined as Family and health risk behaviours, Metabolic risk and High risk were significantly associated with substantial increases in odds of both overweight and obesity, with ORs ranging from 1.6 to 3.3.

Sex‐stratified analyses revealed that a LCA model with only four classes fit the data best for both boys and girls, compared with the six‐class model identified overall. Some sex‐differences were observed, but there were also many similarities between the four classes that were identified separately in males and females. Of the six previous LCA studies,[^10^](#osp4414-bib-0010){ref-type="ref"}, [^11^](#osp4414-bib-0011){ref-type="ref"}, [^12^](#osp4414-bib-0012){ref-type="ref"}, [^13^](#osp4414-bib-0013){ref-type="ref"}, [^14^](#osp4414-bib-0014){ref-type="ref"}, [^15^](#osp4414-bib-0015){ref-type="ref"} four studies evaluated sex‐differences.[^11^](#osp4414-bib-0011){ref-type="ref"}, [^12^](#osp4414-bib-0012){ref-type="ref"}, [^13^](#osp4414-bib-0013){ref-type="ref"}, [^15^](#osp4414-bib-0015){ref-type="ref"} Two of these studies[^11^](#osp4414-bib-0011){ref-type="ref"}, [^12^](#osp4414-bib-0012){ref-type="ref"} found that there were less girls in the high physical activity class compared with boys, while one study conversely found that girls were less likely to be in the high sedentary group compared with boys.[^10^](#osp4414-bib-0010){ref-type="ref"} This is consistent with a recent review that found that females were more likely to be in classes defined by low physical activity.[^7^](#osp4414-bib-0007){ref-type="ref"}

Of the 15 indicator variables that were evaluated based on a priori hypothesis, the following five variables had little evidence of an association with any class membership: family history of cardiometabolic disorders, high systolic or diastolic blood pressure, abnormal HDL, sleep duration below age‐specific recommendations and parent‐reported developmental concern. In this study, low physical activity was also not a helpful indicator in determining the classes as it was highly prevalent in all classes (including the Healthy group); many children did not meet the recommended physical activity guidelines based on parent‐reported guidelines. This is contradictory to previous studies that found physical activity to be a determining characteristic for particular classes; however, this was in older children greater than 9 years of age.[^10^](#osp4414-bib-0010){ref-type="ref"}, [^13^](#osp4414-bib-0013){ref-type="ref"}, [^14^](#osp4414-bib-0014){ref-type="ref"}, [^15^](#osp4414-bib-0015){ref-type="ref"} Consistent with previous findings on clustering of risk behaviours,[^13^](#osp4414-bib-0013){ref-type="ref"} this study found that the same class could exhibit both risk and protective behaviours, such as low physical activity but also low sedentary behaviour (screen time) exhibited by all classes except Class 1 and 3.

Other studies that have used LCA to evaluate classes in older children, and adolescents did not incorporate metabolic risk factors such as blood pressure and lipid levels and instead focused only on dietary and behavioural risk factors.[^10^](#osp4414-bib-0010){ref-type="ref"}, [^13^](#osp4414-bib-0013){ref-type="ref"}, [^14^](#osp4414-bib-0014){ref-type="ref"}, [^15^](#osp4414-bib-0015){ref-type="ref"} Three of the identified classes, with a total of 34% of children, were defined by the presence of at least one metabolic risk factor (high LDL, non‐HDL or triglycerides). More work is needed to understand the rationale and implications of these distinct metabolic classes.

Strengths of the study include the relatively large sample size and comprehensive data available on family, metabolic, health risk behaviours and developmental concerns that were available for children participating in TARGet Kids!. This is one of the first studies to include such a wide variety of indicators in a cluster analysis, as well children as young as 3 years of age up to age 11. Additional strengths include the use of measured heights and weights and measurement of blood pressure by trained research assistants and blood collection for biomarker analysis. LCA also has several advantages compared with variable‐centred approaches, and it does not require a priori assumptions about the distribution of the data or the number of classes that will emerge.[^32^](#osp4414-bib-0032){ref-type="ref"}

Children in this study were recruited from primary care providers in an urban setting and tended to have relatively high family income that may not be representative of all Canadian children. Missing data was substantial for some indicators because of changes in the study questionnaires over time, age‐specific measures and choice to provide blood samples. In the TARGet Kids cohort, it has previously been shown that characteristics of children who provided blood samples were similar to those who did not on most factors except age.[^33^](#osp4414-bib-0033){ref-type="ref"} LCA identifies class regardless of missing data, but this may have limitations if the data are not truly MAR. Many of the indicators are based on parent‐report and may be subject to measurement error and bias. For example, the validity of parent‐reported physical activity in this study is low to moderate when compared with objective measurement.[^34^](#osp4414-bib-0034){ref-type="ref"} There were other theoretically relevant indicators such as self‐esteem, school bullying and mental health that were not included because data were not available. Lastly, a potential limitation of LCA may arise from the dichotomization of continuous variables, and future studies may consider using an analytic approach that allows for the use of both dichotomous and continuous variables.

Population‐based interventions for the prevention[^35^](#osp4414-bib-0035){ref-type="ref"} and treatment[^17^](#osp4414-bib-0017){ref-type="ref"} of child obesity have demonstrated only modest success. The study results suggest that distinct classes of young children are defined based on obesity‐related risk factors, and the several classes are strongly associated with overweight and obesity. This may be important to consider when planning obesity prevention and treatment strategies. It is anticipated that these results may be most useful to population and public‐health providers and policy‐makers planning obesity interventions, but it is possible that this information would also be useful for clinicians when considering children who may benefit most from obesity prevention. Future studies are needed to determine how the clustering of obesity‐related characteristics may affect treatment. Further, future studies may consider including additional variables, particularly related to mental health and quality of life, to further understand the impact of these variables in defining the clustering of obesity‐related risk factors. Identifying classes of obesity‐related risk factors may help to inform public‐health efforts for obesity prevention and management.
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